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Sir: 



This is in response to the Office Action of August 10, 



2004. Claims 1-4 and 10-14 are pending in the application. 



Objection was raised to claims 1 and 2. The Examiner 
indicated that the claims both used the designation "Formula 
(I)" but that that designation referred to two different 
chemical structures. Actually, claim 1 refers to a Formula 
(I) - that is, Roman numeral "I", while claim 2 refers to a 
Formula (1) - that is, Arabic numeral "1". Thus there is no 
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inconsistency between the designations of the formulas in 
claims 1 and 2. 

It is noted that the two lines on the lefthand side of 
Formula (I) are not used by Applicants to designate methyl 
groups. Instead they are bonds (open valences). Formula (1) 
in claim 2 describes preferred groups that can satisfy the 
open valences of Formula (I) in claim 1. This was previously 
recognized by the PTO, when the Examiner held that ^'claim 2 ... 
is subgeneric to claim 1 ... [and therefore] ... claims 1-4 should 
be grouped together as a search for the imide skeleton". 
Office Action of 08/27/2003, page 2, bottom. 

Accordingly, withdrawal of the objection to claims 1 and 
2 is respectfully solicited. 

Objection was raised to claims 3, 10, 13, and 14. 
Applicants respectfully point out that the substituent 
designation { R^O~C (=0) }n- means that the benz ring in Formula 
(II) may carry 1, 2, 3, or 4 substituent groups each having 
the formula R^O-C(=0)-. When the benz ring carries 2, 3, or 4 
of those substituent groups, the 2, 3, or 4 groups can be the 
same or different. Therefore, withdrawal of the objection to 
claims 3, 10, 13 and 14 is respectfully solicited. 
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Claims 3 and 4 were rejected on the ground of obviousness- 
type double patenting over claims 4 and 7-9 of US 6,232,258 Bl. 

No Common Ownership. Double patenting rejections are 
appropriate only for ''commonly owned" applications and patents. 
MPEP 706.02(1) (1). However, common ownership does not exist in 
the present situation, because US 6,232,258 Bl is owned by the 
entity ^Daicel Chemical Industries, Ltd. along with Yasutaka 
Ishii' , while the present application is owned by the different 
entity ^Daicel Chemical Industries, Ltd alone' • 

No Conflict In Subject Matter. The claims in question 
require an SP of less than or equal to 26 (MPa)^''^. This 
clearly distinguishes the compounds of the present claims from 
the compounds of US 6,232,258 Bl. 

In order to deepen the Examiner' s understand of the 
differences between the two invention. Applicants present the 
following discussion: The imide compound acts as a radical 
mediator mainly in the presence of molecular oxygen- The imide 
compound catalyzes at the active site of the N-0 radical. See 
e.g. Ishii et al., J. Org. Chem., 61:4520-4526 (1996). The 
Ishii et al. article shows phthalimide N-oxyl (45) having an N- 
0 radical (Scheme 1 and Figure 3) which is a member of the 
class of imide compounds recited in present claim 1. US 
6,232,258 Bl is based on the discovery that an oxidation 
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provides a high yield when conducted in the presence of a 
strong acid. Accordingly^ the imide compound and the strong 
acid are indispensable to the invention of the ^258 patent. In 
contrast, the present invention involves the discovery that N- 
substituted cyclic imide compounds at an early stage exhibit 
low solubility in reaction solvents, which adversely affects 
yields. That problem is addressed in the present invention by 
way of a solubility parameter. Accordingly, N-substituted 
cyclic imides having specific solubility parameters are 
indispensable to the present invention. Thus two completely 
separate inventions are involved. 

ErgOf no double patenting. Each of these reasons alone 
provides sufficient basis for withdrawal of the double 
patenting rejection, which action is respectfully solicited. 

Should there be any outstanding issues that need to be 
resolved in the present application, the Examiner is 
respectfully requested to contact Richard Gallagher (Reg. No. 
28,781) at (703) 205-8008. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
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additional fees required under 37 C.F.R. § 1.16 or under 37 
C.F.R. § 1.17; particularly, extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 



RCS/RG/jmb 
3273-0153P 



By. 




Raymond C . VStew>^rt , #21,066 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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A novel class of catalysts for alkane oxidatioia with Tnolecular onr^gen was examined, N- 
Hydroxyphtkalimide (NHPI) combined with Co(acac)„ (n « 2 or 3) waA found to be an efficient 
catalytic system for the aerobic oxidation of cycloalkanes and alkyibenzcnes under mild conditions. 
Cydoalkanes were successtUTly oxidized witli molecular oxygen in the praeence of a catalytic amount 
of NHPT and Co(acac)3 in acetic acid at 100 *C to give the correspondiniT cycloalkanones and 
dicarboxylic acids, Alkylben^enes were also oxidized with dioaygen using this catalytic system. 
For example, toluene was converted into benzoic acid in excellent yield under these conditions^ 
Ethyl' and butylbenzenes were selectively oxidized at their a-positions to form the corresponding' 
ketones, acetophenone, and l-phenyl-l-butanone, respectively, in good yields. A key. intermediate 
in this OHidation is believed to be the phthalimide iV-oxyl radical generated firom NHPI and molecular 
oxygen using a Co(II) spedes. The isotope effect (kn/hji) in the oxidation of ethylbenzene wid 
ethylbeazene-dw with dio»ygen using NHFJ/Co(acac)2 was 3.8. 



IntrodiustioKL 

Oxidative catalytic tcanaformations of organic com- 
pounds with molecular oxygen (dioxygen) play a v^xy 
important role in organic synthesis.^ In particular, 
selective catalytic oxidation using dioxygen as the pri' 
mary oxidant represents a critical technology and is an 
area of continued research and development Several 
transition metalnxitalyzed selective oxidations of alkanes 
involving the combined use of dioxygcsn and reducing 
agents such as Hj,^ NaBBU,^ RCHO,* etc, have been 
reported- Recently, halogenated metalloparphyrins have 
been shown to be efficient catalysts for the direct reaction 
of alkanes with dlc^gen without coreductants or sto- 
ichiometric oxidants to give^ alcohols and/or carbonyl 
compounds,^ However, the development of an aerobic 
oxidation ^stem in the absence of a reducing agent 
remains a very important and challenging subject in 
oxidation chemistry. 

MHydroJonphthalimide (NHPD was first used by Masux 
etdLoB^ efficient electron carrier in the electrochemical 
oxidationofsecoxidary alcohols to ketones.^ In the course 
of our $tudy- on the aerobic oxidation of benzylic com- 
pounds catalyzed by vanadomolybdophosphates,^ we 
found that NHPI is a uniquo catalyst for the activation 
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tion afDioxygtnoAd Homogeneous Catafydc Oxidation; Barton, D. H. 
R., Martdil, A. B., Sawyer. D, T., )^d^\ Flennm Press: New York, 1993. 
(e) Mcnnier. B, Chem, Rou. 92, 1411, (f) Busch, B. BL; Alceck* N. 
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Yamoda, T. Bull, Chmu Soc Jpn. 1995, $8, 17. <c) Hamiiinoto, M.; 
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of molecular oxygen, as well as for the oxygenation of 
benzylic compounds such as fluorene" and the dehydro** 
genatlon of alcohols* with dioxygen under mild condi- 
tions. However, it is dif^cult to oxidize alkanes such as 
cyclohexanc and toluene using NHPI alone. 

We recendy found that the catalytic activity of NHPI 
is markedly enhanced by the presence of a very small 
amount of Co(acac)„ (n — 2 or 3) (0.05 equiv with rc^poct 
to NHPD as a cocatalyst. Thus, cycloalkanes and alkyl- 
beizenes can be elEciently oxidized to the corresponding 
carbonyl compounds in an oxygen atmosphere under 
moderate conditions. This report presents our findings 
on the catalysis of alkane oxidations with atmospheric 
Gxy^en uaxng NHPI combined with Co(acac)ii (tk. » 2 or 
3). 

Results 

I* Cbddatioix of Cytsloalkaned ,with Dioxygen 
UsingNHPI Combined with TransitionMetais^ The 
oxidation of cyelohexane (1) to a <^ohexanone (ZV 
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Soc^ Cham. Cominun. 1989, 1190, (d) EUiu. F- Jr.; Lyons, J, E. J, 
Chem. Soc., Chem. Common. 1989. 1316. (e) fiJlia, P. E.. Jr.; Lyons, J. 
E. CataL Lett 1989, J, 389. (0 Lytms, J, E.; Ellis. P. R, Jr. Catoi. 
UtL 1991. 8, 46. (ff) Eails» P. E, Jr.; Lyons, J. E. Coord. Chem, Rev, 
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Alkane Oxidation with Molecular Oxygtm 

0 6 ' Gs; 

(1 atm) 

. I) NHPf (10 mol%), Co<3cac)2 (0.5 mol%), O^jCOOH, 100 "C, 6 h 

cyclohescanol (4) mixture (ketone/alGohol (27A} oil) is tho 
fkjst step in l^e two-step process for the productLon of 
adipic add (8). Althou^ there are several variants of 
this oaddatiozi, the prindpal method is the autoxidation 
3f cydohexane in the presence of a metsd catalyst such 
iis Co or Mn salt,^^'^^ An alternative cyclohexane oxida- 
don uses a higher concentration of Codll) acetate under 
xxygen pressure (20—30 atnx).'^ However^ the homoge- 
.teous catalytic oxidations of 1 using' these methodd have 
leveral problems, e.g., oxidative attack on the C— H bonds 
5 slow and requires vigorous reaction conditions. To 
ivercome these limitations, a new catalyst for selective 
ixidation with dioxy^en must be identified. Hence, the 
':atalytic oxidation of 1 with atmospheric oxygen under 
oild conditions is a challenge in industrial catalysis. 

The oxidation of 1 with dioxyg^n (I atm) -using a new 
atalyi}t, NHFI, under selected conditions is shown in 
^ablo 1. Although a benzyllc compound such as fluorene 
7as evidently oxidised to fluorenone in high yield (80%) 
idth molecular oxygen (1 atm) in the presence of NHPI 
10 mol %) in benzonitriTe at 100 1 was not oxidized 
•y NHPI alone under these conditions. 'Dius, the effects 
f several transition metal salts on the NHFI-catalyzed 
xidation of 1 in a dioxygen atmosphere were examined, 
tn initial survey of representative transition metals 
emonstrated that a very small amounts- of cobalt salts 
uch as Co(acac)tt (/i « 2 or 3) significantly facilitated &e 
fHPI-catalyzed aerobic oxidation of 1 under moderate 
3ndiidons. For example, the oxidation of 1 in the 
resence of NHPI (10 mol %) and Co(acac)2 (0^ mol %) 

1 acetic add at 100 "C %r 6 h (standard conditions} gave 
rdohexanone 2 (22%) and adipic add 3 (33%) as the 
lain products in the 45% conversion of 1 (run 3).^' 
xida^on did not take place in the absence of NHFI 
ader tibese conditiona (run 2). When Co(acac)s was used 
I place of Co(acac)a in this oxidation, 1 was converted 
» 2 and 3 at a slightly lower conversion (42%) (run 4). 
huilar e£fects of C^acac)2 and Co(a£ac)3 on the oxidation 

- 1 w(^ also observed at 75 ''C (runs 6 and 7). Oxidation 
as considerably retarded by the use of acetonitrilo as a 
klvent, while the selectivity of 1 to 2 at 75 *C was 
Improved firom 52% to 78% (run d>. Oxidation using 
o{OM)2'4S.20 as a cocatalyst was similar to that with 
d(acac)2 (run 11). Mn(acac)3, which is often used as a 

italyst £ar autoxidation, was also e£Eective in thi? 

ddation. It in interesting to note that the addition of 
n(acac]3 led to 3 rather than 2 in high selectivity (77%). 
ns oxidation was slightly enhanced by addhig Cu- 
»Ac)2'H!iO. In contrast to the effect of Co and Mn salts 



(10) Parshall, G, W.; Ittel. S, D. NomogewB Catalysis: 2nd ctL* John 
ley and Son^r, New York, 1992; p 246, and roferencc died therein. 

(11) Sbnandi« L. Catalytic Activation of Diojeygtin. by Metal Com- 
xesi Kluwar Acadomic PubliAher: BtK^toa, 1:992; p 84. and r^oronco 
2<i Uxcrdin. 

(12) <a) SteemoD, J. W, M.; KaorsomaKcr, 3.; Hoftjnjcr, P. */. Chem 
ff. ScL I9S1, J4, 139. (b) Miller, S. A. CAcm. Procaxii Eng. (London) 
S9, 60y 63. (c) Tana&a, K. Chvnu Tech, 1974, 555, and ret^ncoi» 
sd therein. 

C12) By the GC-M$ mcosiurot^i^nt of tho ronctioa product of 1, Uie 
mution of giutaric aqd (up to 5%) und Cyclohex]^ acetate (up ta 2%) 
than 2 aisd 3 wa$ confirmed. 
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Tab]« 1. Oz<datxoa of Cyeiohcxan9 (1) with Dioxygen 
Cata tyz«sd by NHPI in the Presence of Salts under 

Various Heaotioa CondiUoRA" 



run 


NHPI 
(mo) %) 


tranaition metal 


tdmp 


conv 
(^) 


yield, 
2 3= 


4 

I 


•10 




100 


\ 




n 

V 


«> 

A 




(^acnc}2 


100 


Craca 




A 

V 


3 


10 


Co(acao>s 


100 


46 






4 


10 


CoiacacJa 


100 


42 


35 


40 


5 


5 




100 


23 


41 


37 


□ 


10 


Co(acac}i 


76 


30 




30 


7 


10 


Oo(acac)3 


7S 


22 


52 


37 


8^ 


10 


Co(acae)3 


75 


n 


78 


13 




10 


(^acuch 


100 


46 


37 


39 




10 


Cofacac^i 


100 


38 


38 


48 


11 


10 


Co(OAcV4HaU 


100 


43 


31 


44 


12 


10 


Mn{acacl3 


100 


44 


3 


77 


13 


xo 


Cu(OAc)a-HaO. 


100 


21 


43 


29 


14 


10 


Fi:(acac>3 


100 


5 


90 


trace 


15 


10 


Ni(aca£)2 


100 


0 







^ 1 (6 minol) waa allowed to react with dioxygen (1 aero) to the 
presence of NHPI and tnmaition metal (0.5 jnol^fr) In mcotic acid 
(12,5 mL) for 6 h. * Bascfd on 1 renctedr • Yield of dimethyl mlipute 
- after escurification with excess methanoL ^ Acetoni tnle was used 
as solvent 'OKacach a laol%) wps usc± ^Cofjicgc^x (0.25 niol%) 
was u&ed. 

in the NHPI-catalyzed oxidation of 1, Pe(acac)3 had only 
a alight effect on the Qxidation» and Nl(acac)2 had no 

When the quantity of NHPI waa halved (5 mol %), 1 
was oxidised at a slightly lower conversion (28%) to form 

2 and 3 in 41% and 37% $«lectivitie5, rsspectively. 
However, the effect of the concentration of Co(acac)2 aa 
tlie cocatcJyst was clearly much less than that of NHPL 
For the oxidation of 1 by NHPI (10 mol %) in the presence 
of Co(acac)a (1 mol %) (run 9), the results were almost 
the same as tho>;e with 0.5 mol % of Co(acac)2 (run 3X It 
is noteworthy that the present aerobic oxidation of 1 
resulted in 3 in higher selectivity, since the autoxidation 
of 1 in the presence of Co and Mn salts Is known to lead 
to B7A oil (2 and 4) rather than S as the main product" 
In particular, it is interesting that 1 was converted into 

3 in one step in 77% Selectivity by the NHPM4a(acac)3 
system under atmospheric oxygen at 100 "C. 

On the basis of these resnilts, several cyc^oalkanea were 
oxidised under standard conditions, Le., in the presence 
of NHPI (XO mol %) and Ck)(acac)2 (0.5 mol %) in an 
oxyfren atmosphere (1 atm) using: acetic acid at 100 °C 
for 6 h (Table 2). 

^ox O3ddat4on of cjrclopentane (5) under these 
conditions, the results were similar to those of 1' (run !)• 
However, cyclooctane (8) gave 1,4-cyclooctanedione (10) 
(16%) in addition to cydooctanono (9) (50%) and suberic 
acid (11) (16%) in 93% conversion (ran 2). Evm when 
the amount of NHPI was reduced to 5 mol %, 8 was 
oxidized with a higher conversion (86%) (run 3), In 
contrast to 1, which was slightly oxidized by NHPI alone, 
8 could he oxidised to 9 (6S%), 10 (8%), and 11 (17%) in 
a 37% conversion by NHPI in the absence of any metals 
(nin 4). The l,4-diI«tone 10 is believed to be formed via 
intramolecular hydrogen abstraction by a transient per- 
radical generated firom 8, as will be discussed later 
(Scheme 1). Indeed, the successive oxidation of 9 under 
these conditions led to dicarboxylic acid 11, while dike- 
tone 10 was not formed at all. Cyclpdodecane (12) was 
also converted into the corresponding ketone 13 and 
dicarboxyhc add 14 at a satisfactory conversion (66%) 
(run 5). During the oxidation of these cycloaHOLnes, 
alcohols such as cyclohexanol and cydooctanol are be- 
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Table tL Oaddatlon of Cycioolkanes with Dioxyg^n Cataiyggd hy NBPl in thi> Presence of Co(acac)5^ 
$«bitraio conv. (%) - products * 



if 



o 
O 



CCOOH ^ 
COOH 'f^' • 



ft 



93 




9(50) 




10(16) 



/ ^COOH 



" (16) 



3' 



8 



• 5 



HP" 






86 




5^(53) 10(17) 




37 




i> («) 10 (8) 


12 


• 






X5 


77 







11(16) 



U(17) 




OH 



18(34) 



7* 



8 




19 



65 



30 



20C71) 



OH 



22(17) 
OH 



OctaooJs 24(57) 



CcUinonc9 25(14) 



Sehenie 1. A Possible Aeaction Path for the 
Osddatioo Cydooctane (8) by the NHPI— Ob 

System 

8 



45 



4S 



NHPI 




- Sgteirate (5 mmol) was Bflo wed to react ^ dioxygca (! aim) in the prcscnw of NHPI (10 ttnji%) and 00(^)3 (D^ mol%) 1„ acetic acid ( I Z5 mL) at < 00 *C 
for 6 h. "BMcd Oft wbmte rMc(«d. '^icld of <J«nrboxyIb add was estinuitid ns diiiuahyl e-ler after caerftc^ktion with oxoc» »»tha»^ Reaction dmo w» 3 h. 
NHPI ( 5 moHb) w«s used. In tho fAaoMM of Co(acac)a. » (Umction was earned oat at 75 ^ for 3 lu 

lieved to be formed, but very small amount^ of the 
corra5;poading acetates were detected iising GC-MS. It 
ia believed that these alcohols are easily oxidized to 
ketones and/or dicarboxylic acida since they aro more 
reactive than tho starting cycloalkanes. In feet, cyclo- 
fac3canol 4 was oxidized to 2 in 92% yield in acetonttcile 
at 75 "C.^ 

Methjlcydohexane (15) gave keto caitoicylic acid 18 

as a major product along with 2-methyicyclohexanone 

(16) and 1-methylcyclobexanol (IT) (run 61 The ihde* 

pendent oxidations of 1$ and 17 under these reaction 

conditions were carried out to reveal the reaction path 

to ISr The oxidation of 16 gave 18, while 17 was A less 
reactive substrate. Thus, IB was a further oxidation 
product of 18, but not of 17. The oxidation of adaman- 
tane (19) at 75 'C for 3 h gave l-adamantanol (20) (71%), 
in which the tertiary C-H bond was selectively oxygen- 
ated, together with small amounts of 2-adamantan6ne 
(21) (9^) and 1,3-adamantanediol (22) (17%) in 65% 
conversion (run 7). The product ratio of the tertiary C-H 
bond to the secondary one was approximately 7.8. The 
aerobic oxidation of 19 using the PW^PezNi heteropolya- 
nion reportedly gives 20 (76%), 21 (12%), and 2-adamau- 
tanol (12%) in 29% conversion.^^ On the other hand, the 
oxidation of n-alkane such aa n-octane (28) by this system 
gave a mixture of 2-, 3-, and 4-octanols 24 and the 
corresponding octanones 25 (run 8). 

2. Oxidation of Alkylfoenzeues Using NHPI Com- 
bined with Co(acac>j. Various alkylbenzenes are Icnown 

loto* l™"""' Tatoishl. Jt; Hitosa, T.; Iwamoto. M. Ch^m, Lett 
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to be oxidized with dioxygcn in the presence or absence 
a£ transitton metals." 

The oxidation of several alkylbenzenes with dioxygen 
was attempted using the NHPI/Co(acac)2 system (Tabic 
3, runs 1-^11). The oxidation of toluene (26) witb NHPI 
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Tiible X Oxidation or AXkylba»zen^ with Dlo^cy^en Catalyzed by NHPI to tbo Prc^enc^ of dXacaO.*- 



X 

2« 
3 
4 
5 
S 
7 

9 

11 



toloesa (26) 
2A 

^-tcn-butyltoluene (28) 
j^'mQihas^TtoIucna (30) 
ethylbeazenc (32) 
7z-butylbcax«na (34) 
/>-xyien6 (36) 
96 

o-xyiflne (39) 
39 

curaene (42) 



92 
d 
97 
98 
91 
90 

94 
89 
92 
99 
31 



products (^y* 



benzoic add (27) <99) 
37 (trace) 

;>^-butyIbeijzoic add (29) (95) 
;»'metfao3C7foc][i£atc acid (31) (85) 
' acctophenona (33) (93) 
l-phenyI-l-btit5inoae (35) ($7) 
p-toluifl add (37) (78). laraphthalic acid (38) (15) 
37 (23), 33 (68) ^ /iwj 

o^toluic acid (40) (SO), phtbalic add (41) (14/ 
40 (71), 41 (23) 

S3 (64), 2^8nyI.2^ropanoZ (43) (10). phcjwl (44) (17) 



ea^e. outat -C for 1. H. ^Vlel, ordic^^^ '^-^-S"X^:^^r^o^'^^Sr„r 
(10 mol %) itt the presence of CoCacac)^ (0-5 mol %) in 
acetic add in an oscygen atmosphere at 100 •C for 6 h 
eacduaively gave benzoic add (27) (>99%) at 92% convert 
aion(nml). The flame oxidation witJi 26 by NfflPI alone 
produced only a traca amount of27 (run 2). Toluene (26) 
has boen reported to be oxidized with air ia the preaence 
of cobaUai) 2-ethyJl\exanoate at 140-190 and up to 
10 atm of pnssaure to give 27 in about a 80% yield at 
iO-65% oonverBion,*''* Consequently, the NHPFCo- 
;acac)2 system ia thought to be a useftU catalytic system 
for the aerobic oxidation of 26, Similarly, p-^ert-hutyl- 
M>Iuene (28) and ji?-methojytoluene (SO) were oxidized to 
i-*ert-butylbettSoic acid (29) and j?-methojcybenaoic add 
SI), respectively, in good yields (runs 3 and 4), in the 
addation of ethyibenaene (32), acetcphenone (33) wag 
ibtained in good yield (rtin 5). n-Bul7lban5:ene (34) wras 
ikewiae oxidized to give l-phenyl-l^butanone (35) in 
lightly lower adectivity (67%). To evaluate the potential 
or the oxidation of the disubatitutod alhylbenzones, the 
nidation of ^leine was examined /^-Xylene (36) was 
onverted into tho correapondingr mono- and dicarfaoxylic 
dds 37 and 38, the ratio of which depended on the 
eaction tlxne. The oxidation of 36 under the standard 
« gavep-tduie add (37) in a 78% salectmty with 




Tuao(h) 



m _ ^ -^.^^^.^u 

94% converdoiL When the reaction tiine was prolonged 
> 12 h, terephthaBc add (38) waa obtained ta 68% yield. 
Cowever, it was difiScult to convert o-xylene (89) to 
hthalic add (41) in high sdectivity (runs 9 and 10). 
umene (42) is Icnown to be osddized by dioarygen to give 
TOene hydroperoxide, which is converted to phenol and 
H<^^'^>^. 43 was oxidized with difficulty by 
w IwPI^C0(acac)9 fiystem to form acetophenone (33) 
4%), 2-phenyl-2-propand (43) (10%), and phenol (44) 
7%) in 31% converaioD. The low conversion of 42 was 
w tp the fbnnafion of phenol 44. The oxidatlori of 42 
' this system in the presence of 44 (10 mol %) was 
arfcedly inhibited, and only trace amounts of 33 and 
» weare formed. 

To gain addfctional insight into lffiPI/Co(acac)2-cata- 
sad aezxsbic oxidation, the absorption rate of dioacygen 
aing' the oxidation of 32 with several catalytic systems 
w measured using- a conatant-pressure .absorption 
paratqs. Figure 1 shows the time-dependence curves 
O2 uptake of 32 under atmospheric pressure (1 
n) at 80 •C, It ia i nter esting to compare the rate of O2 
take by 32 in the NHPI/Co(acac)2 and NHPl/Co(acac)a 

? ui?^,^^ Som: ^^cvK York. 19^jp256. (b) Shdto^ KoS^ 
k/'^"S'¥^ Options of Organio Compounix A^d^ 

uatrial DenvaUvesi Hancock, E. (S., Ei; Boan: London, 1875 



dependenco curvw of Ch uptakes for the 
oxidation of ethylbeuzenc (32) under atmospheric pressure of 
choKygen by v^ous catalysts, (^ondittona: Bthjdbanzene (32) 
(10 mmol) waa dlowcd U> react with dioxyffea (1 atm) in acetic 

%W2f^^\ nn^ ^ ^««'=>» mol 

^i'l ll^U^^ '^''L^^ CQ(acac)i (0.5 md (3) NHPI (10 

S i ^^/S ,^^^«>a (0-5 (5) AXBN (5 mol %). Co(acac)2 

mol %). 

eyatams. No Induction period was observed in O3 uptake 
by 32 with NHPI/Cp(acac)2, while tiiat with the NHW/ 
Co(acac)3 system did not occur until after about 1.5 h. 
Almost no O2 uptake was observed in the oxidation of 
32 by NHPI, Cofacac^,, or Co(acac)s alone. In tihe same 
oxidation using the AIBNyCoCacac)^ system, the results 
were almost the same except for O2 uptake in the early 
stage of the reaction fay radicals generated from AIBN: 
The isotope effe(rt duridg: the present oxidation was 
estimated by measurinir the oxygen uptaice by ethylben- 
zene (32) and 6tfaylbenzene-rf„ (3 Ww) (Figure 2). The 
obsexved isotope effect, was approximately 3.74. 
ux addition, the oxidation of 32 in tihe presence of 
hydroquinone (1 nxol %) under the standard conditions 
did not occur at all. These results strongly suggest that 
the present aerobic oxidation proceeds via a reacHon 
pathway similar to that in firee radical autooxidatiom 

■ 

Discussion 

Masui et al, suggested tibat phthaliinide N-oj^l (45) 29 
a key species in the electrodiemical (addation of alcohols 
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Figure 2. Time dependence ciurefl of Os uptakes for th^ 
oxidation of othylbanzene (dSS) and ethylbansdne-c^io (d2-<2io) 
by NHP1/Co(acac)2-Oa system. Conditions: Ethylbanxene (32) 
(10 mmol) was allowed to react with dio^Q^gen (1 atm) in the 
prcsanoe of NHFI (10 mol %) and OoCaeack (0.5 mol %) in accCie 
acid (2S ml) at 80 ■ 




jj = 2J3D73 




Figure 3« ]ESR spectrum UN-i^ radical 45 under dioxygen 
in bemonitrile at 80 *C. ' 



to ketoaea using NHPI as an electron carrier. f To 



confirm the fomatioii of phthalimide N-cxyl (45) in tlie 
present NHPlHratalyzed aerobic oxidatioxi, el^cCrou apin 
resonance (ESR) measurcmento were carried out under 
selected eonditiond. When a benzonitrile solution of 
HHPI was exposed to dioxygen at 80 °C for 1 h^** the 
ESR spectnOT attributed to. 45 was clearly observed as 
a triplet signal based on hyperfine splitting Ch&) by the 
nitrogen atom ig 2.0074, aN = 0.43 mT) (Figure 3), The 
1^- value and hfs constant observed for 45 were consistent 
with those (g = 2,0073, an ^ 0-423 mT) reported by. 
Mackorfi^ aZ,^5 No ESR signal was observed imder argon- 
It is noteworthy that 45 is easily formed by exposing 
NHPI to molecular oxygen imder moderate conditions^ 

(17) (a) Maaui, M.; Hosomi. K.; Taudiida, K; Ozafci, S. Chem. 
Pharm. BuU, 1985, J3, 4798. (b) Uoda, CL; N;Q^ama, M; Ohmori, HL; 
Masul, M. Chem. Phann. Bail. 1S87, 33, 1372, 

(18) ESR Hpectra weine obtained under the following conditionfl: 
9weep width 327 ± 2S mTi moduUtion 0.1 mT; and microwaTe power 
1 mW. BeidtO&ilrile containing 10^ mmol of NHPI was exposed under 
nmen atmo^hors at SO *C fiir 1 h. Tho air in the ESR tube wos 
replaced by dioxygwi gas by means of tho Xreeze-pump-thaw method. 
The £SR parameter was determined by usih^ aoUd Mn^^ <g s 2.034) 
as a otsaoard. 
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Fur therm ore, 2'norbomene (46) was allowed to react 
with NHPI under an ostygen atmosphere in acetonitrilc 
at 60 The reaction gave iV'-(2-hydropero3cybicyclo- 
[2.2ajieptan-2-yioxy)phthalimida (47) in 52% yield (eq 
2). Treatment of triphenylphoaphina wiA 47 produced 
tciphenylphosphine oxide (94%) and iV-<hydroxybicyclo^ 
[2,2,lIheptan-2'yioxy)phthalimide (48) (83%) (eq 3). This 



Ar> + NHPI + Oa 1 

« 60 •a 20 h 

(SmmoO {3 rrnnol) (1 atm) 



PhaP 47 



EtOH 50 "C. 3D 
under Ar 



PhaP=0 + 



94% 




48(83%) 



result deiinitely shows that the radical species 45 is 
smoothly generated from NHPI and molecular oxygen in 
the absence of transition metsds under zntld conditions. 
Hence, the osidation process of alkanes such as cyelooc- 
tane 8, which is oxidized by dioxygen using NHPI alone, 
can be outlined aa in Scheme 1. The fiust step of the 
reaction is thought to inyohre the generation of the 
phthalimide jV<o:^l radical 45 firom NHPI and dioxygen. 
The resulting 45 ah6ttracts a hydrogen atom ^m the 
substrates to &rm alkyl radicals, subsequent oscygenation 
of which by dioxygen produces peroxy radicals, which are 
converted to ketones and/or dicarbojorlic adds. In some 
caaes, intramolecular hydrogen abstraction by the result- 
ing a^l peroxy radical occurs, and leads to the formation 
of the diketone 10. 

Unfortunately, we are currently, unable to clearly 
explain the role of Co(acac)a as a cocatai^ in NHPI- 
catalyzed aerobic o^ddation. However, we can make 
several proposals whic^ seem to agree wiSi the experi- 
mental results. 

As mentioned earlier^ no induction period was ob^rved 
in the oxidation of ethyibenzene 32 with the NHPl/Co- 
(acac>2 sjrstem. However, o^rygen uptake by 32 did not 
occur until after about 1.5 h with the NHPI/Co(acac)a 
system. This finding is in accord with the results of 
addin g NHPI alone to CQ(ncac)2 or C^(acac)3. When 
NHPI was added to an acetic add solution of CoCacac)?, 
the color of the solution immediately changed from pink 
to violet, and a mixtare of several complexes 49 waa 
obtained. On the other hand» the same proocdure with 
Co(acac)a led to no color change of the solution^ and most 
of the starting materials were recovered xmchan^ed. 
However, when ethyibenzene 32 was added to this 
solution, the color of the solution gradually changed to ' 
violet and finally became the same as that in tiie NHPI/ 
Co(acac)2 system to form complexes similar to those 
derived from NHPI and Co(acac)2- This result indicates 
that Co(acac)3 is gradually reduced to CodD with 32 uia 
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(IS) Mackor, Wigar, Th. A. J. W.J d» Boer, Th. 4. Tetrahsdron 
1968, JW, 1623. 



t 



2004^10^278 1 48113^ 

Alkane Oxidation with Molecular Oxygea 



a well-known ojie-electron t«ui6fer proceas,^^ and the 
resulting CoGD species readily reacts with NHPI to 
produce ^complexes Bimilar to those derived from the 
NHPl/Co(acac)2 system. These results well reflect the 
diiferences in the induction period between the NHPI/ 
Co(acac)2 and NHPI/Co(acac)3 systems during 0^ uptake 
by 32. The induction period of 1.5 h observed with the 
NHPVCo(acac)3 system may represent the time required 
to reach a threshold concentration of Co(II) by one^ 
dectron transfer irom 32 to Codll). 

On ^e other hand, 32 and 1 were oxidized using the 
complexes 49 obtained firom NHPI and Colacac^z (eq 4^. 
32 was oxidized to acetophenone 33 in 69% yield, while 
1 failed to be ozidized by these complexes. 



32 



\ ^ CompiaxQS (49) (4 wi%) 

X CH^COOH* 80 -C. 3 h \ 
Oj (1 aim) > 



33 (S9 %) 

No reaction 



Although the role of the Co(II) specieg in the NHPI- 
catalysed aerobic oxidation is not tully miderstood, the 
CoffD spedes may be related to the generation of the 
phthaiirrdde iV-oxyl radical 45 firom NHPL However, it 
appears that tho pr^cnt results do not detract firom the 
importance of the discovery of a new mode of dioxygen 
activation by the NHFI/Co<acac}a (/ii 2 or 3) system. 

Experxmeniai Section 

and NMR wero measured at 270 and 67.5 MHz» 
rospectlvdly, with tetrQmethjdsilane as an internal atan^Ard. 
Infrared (IK) spectra were measured using NaCl or KBr 
pullf^te, A 00 analysis was performed with a flame Konlzation 
detector oaing a 0.2 mm x 25 m capillary column (OV^l), 
Oxygen-absorpdon rates were measured with an Isobaricgas- 
iboorption apparatus under a closed-flow system (2 ±, 0.1 L 
)xygen/h) equipped with an electrolyzer. ESH measiu^menta 
^ere per&nned on a JEOL-FE-IX (X-band) with 100-fcHz field 
noduiation. 

All starting matorifiU and catalysts were purchased firom 
lommercial sources and used without further treatment. The 
/ioldfi of products were cstimatad Irom the peak areas based 
m the intfimal standard technique. 

General PriM^dure for Oxidation of CydoaUkanes. An 
icetic add (12.5 mL) solution of cydoalkane (5 mmol), NHPi 
82 mg, 10 mol and Co(acac)2 (7.5 mg, 0.5 mo] %) was 
)laced in a three-necked ila^ equipped with a balloon filled 
with Oa. The mijctore was stirred at 100 *C for 6 h. After 
•emoving the solvent under reduced pressure, methanol (25 
nL) and a catalytic amount of coned HzSO^ were added to the 
■eaultxag mixtuTG and stirred at 66 'C ibr 15 h. The resulting ' 
»lution was extracted with diethyl ether (20 mL x 3). The 
omblned extracts were dried over anhydrous iVlgSO^. Re- 
aoval of solvent under reduced pressure gave a dean liquid, 
i^hidL was purified 1^ column chromatogti^hy on silica gel. 
rz-hexane/AcOEt = to give the corresponding oxygenated 
irodacts. 

Ketones 2, 6, 13, 16, 21, and 24. alcohols 20 and 25, and 
licarboxylic acids 3, 7, 11, and 14 were identified by comparing 
he isolated products wi^ auth«i^tic sampler, 

1,4'Cyelooctanedione (10): iHNMR{CDCla) <J 1.83-1.87 
«n, 4H), 2.40-2.44 (m, 4H), 2.71 (s, 4H); "C I^JMR (CPCI3) 6 

(SO) The oxiduUflQ of alkyibenzGnes^^ and cydohezanc^ by Co<III) 
)a ifi loiown to involve one-elecCron tranafer fVom aubstrates to Co- 
ll), yieldinif Co(ID ion and radical cations. 

(21) Heiba. E. I.; Dcssaiu, R. M.; Koahl, W. J. .Jr. Jl Am. Cftcm. Sbc. 
908,^1, 6830. 

(22) Onopchenko» A.; Schulz, J. G. J. Org, Qum. 197S, S729, 
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24.4, 40.6, 41.3, 213.7; IR (NaCl) 2941, 2865, 1697, 1445, 1334, 
U08, 1091, 946, 822 cm^^ 

l-Methylcyclohestanol (17): »H WAK (CDCla) b 121 (s 
3H), L36 (s, IH), 1.44-1.63 (m, lOH); NMR (CDCU) 6 22,6, 
25.6, 29.5, 39.4» 69.9; IR (NaCl) 3362, 2930, 2859, .1170, 1120, 
967, 911 mr\ 

6-Oxoheptanoic acid (18): NMR (CDCI3} 6 1.62-1.65 
(m, 4H). 2.16 (s, 3H), 2.36-2.40 (m, 2H), 2.45-2,48 (m, 2H), 
1L02 IH); ^ NMR (CBCW 4 23.0, 24.0, 29.9, 33.8, 43.2, 
179.8, 209.0; IR (NaCl) 3046, 2945, 1712, 1414. 1369, 1235. 
1178 cm-», 

l^Adamantnndlol (22): *H NMR (CDCIa) d 1.61-1,77 
(m, 14H), 2.34 (s, 2H); "C NMR (CQOzi d 31.1, 34.S, 43,7, 
62.6. 70.3; IR (KBr) 3349, 2931, 1333, 1030 cm'^ 

Genera] Procedure for Oxidation of Alkylbenzcnca. 

An acctie acid (12,6 mL) solutiooi of alkylb«n?:cn<» (6 nunol), 
NHPI (82 m(j, 10 mol %), and Co(acac)2 (7.S mg, 0.5 mol %) 
wae piaced in a threa-necked Oask equipped with a ballon Qlled 
with O2. The mixtiuti was stirred tst 100 *C for 6 h. Afiher 
removal of the advent under reduced presjjure, the products 
were purified by column chromatography on gilica gel to givo 
the corresponding o^genated products. 

Products 27, 29, 31, 33, 37, 38, 40, 41, and 44 were 
identiHed by comparing of the isolated products with Authentic 
samples. 

l-PhenyH butanone (35): NMR (CDCt) 6 0.98-1.04 
(t, J = 7.3 Hz, 3H). 1.71-1.86 (m, 2H), 2.92-2.98 (t, J =5 7.6 
Hz, 2H), 7.43-7.58 (m, 3H), 7.95-7.98 (d, J = 7.9 Hz. 2H); 

NMR (CDCU 6 200.4, 137.1. 132.8, 128.5. 128.0, 40-5, 17,7, 
13,9; IR (NaCD 2963, 1688, 1449, 12X4, 692 cm"*". 

, 2-Phenyl-2-propauol (43): N^iR(Cn)Cli) <5 1.SS($,6H;), 
2.40 <s, IH), 7.19-7.50 (m, 5H); "C NMR (CDCla) d 31.6, 72.4, 
124.4, 126,5, 128.1, 149-1; IR (NaCl) 3374, 2976, 2359, 1446, 
1363, 764. 699, 544 cm^^ 

• General Procedure for Measuring OsQ^gim-AbMorption 
Rnte& 0}qrgen-absorption rates were measured with an 
isobaric gas-ahsorption apparatus in a do£ud-(l«w syBtom (2 
i 0,1 L oxygen/h) equipped with on electroJyzcr uaing 25 mL 
of acetic add contaizilng ethylbeiixene (1.06 g. 10 mraoi), NHPI 
(163 mg, 10 mol %) and Co(acac)2 (14.7 mg, 0.5 mol %) at 80 
'C. Oxygen absorption was periodically me««ured in the 
eonj^tant-pressxire closed system. 

JSea^tion of 46 with NHPf. An acetonitrile (5 mL) 
solation of 2Hiotbomenc (564 mg, 6 mmol) and NHPI (489 mg, 
3 mmol) was placed in a threo-nceked flaslc equipped with a 
balloon filled with O2. The mixture was stirred at 60 ''C for 
20 h After the reaction, acetonitrile was removed under 
reduced pressure to give a white ctyatal, wliidi wa*j puriGed 
by diethyl ether (30 ml^) to give the hydroperoaddo 47 in 52% 
yield. 

iV-<2-Hydropero3ybicyclo(2^.2Jheptan-2-ylo^)phthaI- 
imlde (47): *H NMR iCDCk) 6 1.16-1.41 (m, 2H), L48--L65 
(m, 2H), 2.04 (d, J « 10,0 Hz, IH), 2,31 {s, IH), 2,94 (s, 1H>. 
414 (d, J - 5.3 Hz. IH). 4.36 (d, J ^ 5.3 H«, IH), 7.79-8.55 
(m, 4H). 10,65 (s, IH): ^'C NMR (CDCla) d 22.9, 25,9. 33,6, 
39.8, 41,7, 89.0, 93.6, 123.9, 128.6, 134,9. 164.3; IR (KBr) 3381, . 
2950, 1789, 1732, 1379, U88, 993, 878, 699, 520 cm"*. AnaL 
Calcd for CisHwNOs; C, 62.28; H. 5J23; N, 4.84. Found: C. 
62,17; H. 5,18; N, 4.82. 

Reaction of 47 with Triphonylphosphlne. An ethanol 
(30 mL) solution of 47 (289 mg. 1 mmol) and PhiiP (262 mg, 1 
mmol) was placed in a threo-neoked Xlaok, and tiie mixture 
was stirred at 50 *C for 3 h under an Ar atmosphere. After 
the reaction, ethanol was removed under reduced pressure to 
give a white crystal, which was puiified fay dieth]d ^cr.(30 
mL) to give triphenylphosphinc osdde In 94% yield along vidth 
alcohol 48 (83%), 

iV-(2-Hydroxyblcyclor2-2.21heptan-2-:sdoxy)phth»Uni- 
ide (48): NMR iCDCk) 6 1,05-1.12 (m, 3H), 1.21 (d, J - 
lO.S Hz, IH). 1.46-L63 (m, 4H). 2.05 (d, J = 10,5 Hz. IH), 
2.29 (s, IH), 2.86 (3. IH), 3.91 (s, IH). 4.00 (s, IH), 7.75-7.87 
{m. 4H). 10.65 (s, IH); NMR (CDCI3) 6 24.0, 24.9, 32,7, 
41,3, 43.2, 75.8. 93.2. 123,7, 128.6, 1347. 164.0; Ht (KBr) 3451, 
2964, 1783, 1730, 1379, 1186, 999, 878. 782, 703, 518 cm'^ 
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' * These valuefi "were consistent with Uiose r^xirted in tiw 
Kterature." 

Pteparatfoa of Complexes 49* A miacttire of NUPI (294 
m^, 2 xmol) and Co(acac)2 (235 mg, 0.8 mmoD in acatie add 
(15 mL) was stirred at 80 under an oag^en atmosphere. 
After 0.5 &e reacdon mixture was evaporated, and an 
orange solid was obtained, resultiD^ soHd wa^ washed 
using acetonitxile, and than the complexes 4B were obtained 
(271 mgj. 

' Oxidatiooofl and 32 Catalysed by Completes 49. To 
a stirred solution of complex (49) {21 mt, 4 vt %) in acetic 
acid (10 mL} was added 1 or 32 (5'mmoii and the reaction 
miaetare was fitted with a balloon filled with oaorgen. ^e 

(23) Osaki, S.; Hamagudu» T.; O^chiiia, KSmata, Y. J. Chem. 
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m iartmg was atSxred at 80 for 3 h. The workup waS 
perfbnned lasing the sat&e method as preiTioosly described.' ' 

Ackno^edgpoaeni; Thia wozk was supported by a 
Giant-in-Aid for Scienlafio Segearch (No, 06453143) 
from the Mmistry of Educatibn, Sdence and Ctiltui«, r 
Japan, and Japan private Univ^^sity foundatiozi. ' 

Snppoirtln^ Information Available: Copies of spectra of 
compounds 10, 17, IB, 22, 86, 43, 4t. and 48 (24 pages). This 
material is contained in librazies on microfiche, immediately 
fellowa this artielfi m die mlcrofibnTeiHian of the journal, and 
can be ordered firofia the ACS; see any current masthead page 
fiir ordering xpformatiozi. 
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